Objectives: To confirm the utility of a 10-point Surgical Apgar Score to rate surgical outcomes in a large cohort of patients.
Conclusions:
The Surgical Apgar Score provides a simple, immediate, objective means of measuring and communicating patient outcomes in surgery, using data routinely available in any setting. The score can be effective in identifying patients at higher-and lower-thanaverage likelihood of major complications and/or death after surgery and may be useful for evaluating interventions to prevent poor outcomes.
Arch Surg. 2009; 144(1) : [30] [31] [32] [33] [34] [35] [36] S URGICAL TEAMS LACK A ROUtine, objective evaluation of patient condition after surgery to inform postoperative prognostication, guide clinical communication, and evaluate the efficacy of safety interventions in the operating room. 1 Instead, surgeons rely primarily on subjective assessment of available patient data. 2 Complex models, such as the Acute Physiology and Chronic Health Evaluation score 3 and the Physiologic and Operative Severity Score for the Enumeration of Mortality, 4 provide adequate predictions of a surgical patient's risk of complications. These scores have not come into standard use for surgical patients, however, because they are not easily calculated at the bedside, require numerous data elements that are not uniformly collected, and are often not well understood among the various members of a multidisciplinary care team. 5 Efforts to significantly reduce surgery's overall 3% major complication rate 6 have been hampered in part because surgical departments in most hospitals have no easily applied tool for routine measurement and monitoring of surgical results.
We sought to develop a surgical outcome score that would be (1) simple for teams to collect immediately on completion of an operation for any patient in any setting, regardless of resource and technological capacity; (2) valid for predicting major postoperative complications and death; and (3) applicable throughout the fields of general and vascular surgery (at least). Our approach differs from that of risk-adjusted outcomes evaluations, such as the American College of Surgeons' National Surgical Quality Improvement ProSee Invited Critique at end of article gram (NSQIP). 7, 8 Rather than dissociating patientrelated factors from those related to surgical performance, the Surgical Apgar Score takes a public health perspective on surgical results, seeking to promptly identify patients at highest risk and circumstances offering greatest opportunity for reducing complications and death, regardless of the prevailing cause. The Apgar score in obstetrics served a similar function in evaluating the condition of newborns and, as a result, became an indispensable clinical tool. [9] [10] [11] [12] [13] [14] [15] We devised an Apgar score for surgery, a 10-point score to rate surgical outcomes at Brigham and Women's Hospital. 15 The score is calculated from the estimated blood loss (EBL), lowest heart rate (HR), and lowest mean arterial pressure (MAP) during an operation. In a pilot study of 767 general and vascular surgery patients, 15 the score was significantly associated with the occurrence of major complications or death within 30 days of surgery (PϽ.001, C statistic=0.72). Poor-scoring patients (scores Յ4) were 16 times more likely to experience a major complication than were patients with the highest scores (9 or 10).
This preliminary study, however, was conducted in a single institution, with a limited sample size. To evaluate the broader applicability of the Surgical Apgar Score, we sought to evaluate its performance among a larger cohort of patients, from a different institution, and used electronic intraoperative data collection rather than the handwritten records from which it was derived. To evaluate its predictive ability, we compare its discrimination with that of the multivariate risk-adjustment models of the NSQIP, an established surgical risk-adjustment method, currently in use in selected centers.
METHODS

PATIENT SELECTION
The Massachusetts General Hospital (MGH) Department of Surgery maintains an outcomes database on a systematic sample of patients undergoing general and vascular surgical procedures as part of the private sector NSQIP. In this program, 7, 8 trained nurse-reviewers retrospectively collect 49 preoperative, 17 intraoperative, and 33 outcome variables on surgical patients for the monitoring of risk-adjusted outcomes. Patients undergoing general or vascular surgery with general, epidural, or spinal anesthesia, or specified operations (carotid endarterectomy, inguinal herniorrhaphy, thyroidectomy, parathyroidectomy, breast biopsy, and endovascular repair of abdominal aortic aneurysm) regardless of anesthetic type, are eligible for inclusion. Children younger than 16 years and patients undergoing trauma surgery, transplant surgery, vascular access surgery, or endoscopic-only procedures are excluded. At the MGH, the first 40 consecutive patients undergoing operations that meet inclusion criteria in each 8-day cycle are enrolled. No more than 5 patients undergoing inguinal herniorrhaphies and 5 patients undergoing breast biopsies are enrolled per 8-day cycle to ensure diversity of operations in the case mix.
We evaluated all patients in the MGH-NSQIP database who underwent surgery between July 1, 2003, and June 30, 2005 , and for whom complete 30-day follow-up was obtained. We excluded (1) patients undergoing carotid endarterectomies performed concurrently with coronary artery bypass grafting because the score was not designed for application to patients receiving cardiopulmonary bypass and (2) patients receiving local anesthesia only because no electronic anesthesia record is generated for these procedures. The study protocol, including a waiver of informed consent for individual patients, was approved by the Human Research Committees of the MGH and the Harvard School of Public Health.
CALCULATION OF THE SCORE
We devised the Surgical Apgar Score by using multivariate logistic regression to screen a collection of intraoperative measures. We found that only 3 intraoperative variables remained independent predictors of 30-day major complications: the EBL, the lowest HR, and the lowest MAP during the operation. The score was thus developed using these 3 variables, and their ␤ coefficients were used to weight the points allocated to each variable in a 10-point score. This procedure is described in detail elsewhere.
15 Table 1 gives the values used to calculate the 10-point score. The score for a patient with 50 mL of blood loss (3 points), a lowest MAP of 80 (3 points), and a lowest HR of 60 (3 points), for example, is 9. By contrast, a patient with more than a liter of blood loss (0 points), a MAP that decreased to 50 (1 point), and a lowest HR of 80 (1 point) receives a score of 2.
We used intraoperative data collected from handwritten anesthesia records to develop the score at Brigham and Women's Hospital. 15 At the MGH, intraoperative records are maintained by an electronic Anesthesia Information Management System (Saturn; Dräger Medical, Telford, Pennsylvania) in a database that is accessible via the Structured Query Language. We developed a Structured Query Language query to examine the intraoperative physiologic data during the surgical period. Because electronic anesthesia data differ from handwritten records in a number of ways, 16, 17 particularly the tendency for inclusion of some artifactual or erroneous values (for example, false pressure readings when an arterial catheter is flushed), our data extraction algorithm excluded extraphysiologic values for HR (data points Ͻ20/min or Ͼ200/min) and MAP (data The Surgical Apgar Score is calculated at the end of any general or vascular surgery operation from the estimated blood loss, lowest mean arterial pressure, and lowest heart rate entered in the anesthesia record during the operation. The score is the sum of the points from each category.
b Occurrence of pathologic bradyarrhythmia, including sinus arrest, atrioventricular block or dissociation, junctional or ventricular escape rhythms, and asystole, also receives 0 points for lowest heart rate.
points Ͻ25 mm Hg or Ͼ180 mm Hg) and then selected the median of remaining values in every 5-minute period for analysis. The lowest of these medians for each variable, along with the recorded EBL, was used to calculate the score.
For data quality assurance, we manually reviewed the printed electronic anesthesia record for 50 operations and compared the results with those of the electronic data acquisition algorithm for these cases. The individual factor values and the total score obtained by each method were compared by computing statistics for agreement, using Fleiss-Cohen weighting for ordered categorical data.
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PATIENT RISK FACTORS AND POSTOPERATIVE OUTCOMES
We collected all preoperative and postoperative patient variables from the NSQIP database. Some variables were aggregated by organ system. Pulmonary comorbidity was defined as preexisting chronic obstructive pulmonary disease, ventilator dependence, or pneumonia. Cardiovascular comorbidity was defined as prior myocardial infarction, angina, congestive heart failure, or coronary revascularization. Patients with a history of transient ischemic attack or stroke with or without residual neurologic deficit were pooled into a single group called "history of stroke or transient ischemic attack." On the basis of previous studies, American Society of Anesthesiologists' Physical Status Classification was dichotomized as 3 or greater and less than 3, and wound classification was dichotomized as clean and clean but contaminated operations vs contaminated and dirty operations. 7, 19 Laboratory data were categorized according to the fiscal year 2005 NSQIP models. 20 Procedural relative value units were calculated by linkage of Current Procedural Terminology codes to listings from the 2005 Medicare Physician Fee Schedule (Centers for Medicare and Medicaid Services). The magnitude of the surgical procedures was rated as either minor or intermediate (eg, breast, endocrine, groin and umbilical herniorrhaphy, appendectomy, laparoscopic cholecystectomy, perianal procedures, and skin or soft-tissue operations) or major or extensive (all other operations) as in previous studies of perioperative risk. 21, 22 The primary end points were major complication and death within 30 days after surgery, as recorded in the NSQIP database. The following NSQIP-defined 8 events were considered major complications: acute renal failure, bleeding that required a transfusion of 4 U or more of red blood cells within 72 hours after surgery, cardiac arrest requiring cardiopulmonary resuscitation, coma of 24 hours or longer, deep venous thrombosis, myocardial infarction, unplanned intubation, ventilator use for 48 hours or more, pneumonia, pulmonary embolism, stroke, wound disruption, deep or organ-space surgical site infection, sepsis, septic shock, systemic inflammatory response syndrome, and vascular graft failure. All deaths were assumed to include a major complication. Superficial surgical site infection and urinary tract infection were not considered major complications. Patients having complications categorized in the database as "other occurrence" were reviewed individually, and severity of the occurrence was evaluated according to the Clavien classification. 23 "Other occurrences" that involved complications of Clavien class III and greater (those that require surgical, endoscopic, or radiologic intervention or intensive care admission or are life-threatening) were considered major complications.
STATISTICAL ANALYSIS
All analyses were performed using the SAS statistical software, version 9.1 (SAS Institute Inc, Cary, North Carolina). We analyzed continuous variables using 2-sided t tests or, if skewed, Wilcoxon rank sum tests. We analyzed categorical predictors using 2 tests. We performed univariate logistic regression to examine the relationship between major complication or death and the Surgical Apgar Score (treating the score as an ordered categorical variable) and calculated C statistics as a measure of model discrimination. We used 2 tests and the CochranArmitage 2 trend test 24 to evaluate the relationship between the score and the incidence of both outcomes.
For each outcome, we also compared the univariate logistic regression models with the score alone against the multivariate logistic regression models used for risk adjustment in the private-sector NSQIP for fiscal year 2005. 20 Only observations with complete data available were included in the NSQIP models. As measures of discrimination, we constructed receiver operating characteristic curves and calculated C statistics (equivalent to the area under the receiver operating characteristic curve) to compare the models.
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RESULTS
DATA ACCRUAL AND VALIDATION
Of 4163 patients identified in the NSQIP database who met inclusion criteria, 4119 (98.9%) had complete electronic intraoperative records and constituted our final cohort. The automated data extraction algorithm achieved excellent agreement with manual record review, both for point values assigned to each variable ( = 0.97 for HR; = 0.75 for MAP) and for the total score (=0.94). Table 2 compares the demographic characteristics, baseline comorbidities, and laboratory data for patients with and without major complications. One or more major complications occurred within 30 days of surgery in 581 patients (14.1%), including 94 deaths (2.3%). All preoperative risk factors and laboratory values collected were significantly associated with the rate of major complications, with the exceptions of race and obesity.
PREDICTORS OF MAJOR COMPLICATIONS AND DEATH
The 3 variables that contributed to the Surgical Apgar Score were each significant univariate predictors of major complications, including death ( Table 3) . The mean lowest HRs were significantly lower (58 vs 63; PϽ .001) and the mean lowest MAPs were significantly higher (65 vs 61; PϽ.001) among patients with no complications compared with those with major complications. Likewise, median EBL was significantly lower in operations with no major complications than in those resulting in major complications (25 vs 200 mL; PϽ.001). The types of operations and their complication rates in the cohort are given in Table 4 .
The rates of major complications and death at each level of the Surgical Apgar Score are shown in Figure 1 . Among 1441 patients with scores of 9 or 10, 72 (5.0%) developed major complications within 30 days, including 2 deaths (0.1%). By comparison, among 128 patients with scores of 4 or less, 72 (56.3%) developed major complications, of whom 25 died (19.5%). Compared with scores of 9 or 10, the relative risk of major complications for scores of 4 or less is 11.3 (95% confidence interval [CI], 8.6-14.8; P Ͻ .001), and the relative risk of death is 140.7 (95% CI, 33.7-587.4; P Ͻ .001). In every 2-point score category (as in Figure 1 ), the incidence of both major complications and death was significantly greater than that of the next-highest category (P Ͻ .001), except for the comparisons between the 0-to 2-point and the 3-or 4-point groups (P=.11 for major complications and P=.009 for death), in which statistical power was limited by the low prevalence of these poorest scores.
Even after stratifying the patients by the magnitude of operation, the score remained a highly significant predictor of outcomes. Among major or extensive operations, patients with scores of 4 or less were 6.5 times more likely to have a major complication (95% CI, 4.7-8.9; PϽ.001) and 112.0 times more likely to die (95% CI, 15.3-819.7; PϽ.001) within 30 days. After minor or intermediate operations, patients with scores of 4 or less were 22.8 times more likely to experience a major complication (95% CI, 12.6-41.1; P Ͻ.001) and 81.4 times more likely to die (95% CI, 5.4-1219.5; P Ͻ.001).
COMPARISON OF MODELS
Receiver operating characteristic curves for the Surgical Apgar Score and for multivariate models based on the separate NSQIP risk adjustment models for morbidity and mortality are shown in Figure 2 . Complete risk predictions could be generated, however, for only 2482 patients (60.3%) in the NSQIP morbidity model and 2370 (57.5%) patients in the mortality model because required information, most often laboratory data, was missing. Among the restricted set of patients for whom all required data were available, the NSQIP models provided better discrimination than did the score alone for both morbidity (C = 0.81 vs C = 0.72; P Ͻ .001) and mortality (C = 0.93 vs C = 0.78; P Ͻ.001).
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COMMENT
A simple surgical score based on blood loss, lowest HR, and lowest MAP during an operation provides a meaningful estimate of patients' condition and risk after general and vascular surgery. The 10-point Surgical Apgar Score is predictive of both major complications and death in the immediate postoperative period and is valid across the diversity of general and vascular surgery. We have shown that it remains highly predictive in a different institution from where it was derived and remains robust to the known differences between handwritten and electronic intraoperative records.
The score successfully identifies not only the patients at highest risk of postoperative complications but also those at markedly lower-than-average risk. The 1441 patients with scores of 9 or 10 (35.0% of the sample) had only a 5.0% incidence of major complications and a 0.1% incidence of death. In contrast, most patients with scores of 4 or less had major complications and more than 1 in 5 died. Despite the relatively low prevalence of scores of 4 or less (3.1% overall), the consistent trend toward worse Abbreviations: EBL, estimated blood loss; HR, heart rate; IQR, interquartile range; MAP, mean arterial pressure; RBC, red blood cell; RVUs, relative value units. a Procedure characteristics were obtained from the Anesthesia Information Management System and the Massachusetts General Hospital National Surgical Quality Improvement Program database. The 3 variables that constitute the Surgical Apgar Score (EBL, lowest MAP, and lowest HR) were all significantly related to the incidence of major complications and/or death within 30 days of surgery.
b Five patients had missing data. outcomes even at the extreme low end of the scale suggests that the score has good discriminative ability across the full point spectrum. 25 The Surgical Apgar Score could serve several important purposes. Like the Apgar score for newborns, its primary value may be to provide teams with immediate feedback on operative condition for every patient 13 -an objective metric to complement their "gut feelings" 2, 27 about an operation. Because the feedback is immediate, the score would assist surgical teams in distinguishing patients most in need of increased intensity of postoperative monitoring and care from those likely to have an uncomplicated course. As a quantitative adjunct to surgeons' subjective impressions, the score may serve as a simple aid in communication among surgeons, postanesthesia care providers, surgical residents, and surgical ward staff regarding patients' immediate postoperative status and thereby assist decision making about, for example, unplanned admission after outpatient surgery, admission to the intensive care unit, or frequency of postoperative examinations by physicians and nurses. Surgeons might also use the score to convey to patients and families an appraisal of condition and prognosis after surgery. Looking forward, the score might be used as a metric for quality monitoring and innovation, even in resource-poor settings. Routine surveillance and case review for patients with low scores (eg, a score of Յ4), even when no complications result, may also enable earlier identification of safety problems. 28 Like the obstetric Apgar score, however, our surgical score does not allow comparison of quality among institutions or physicians because its 3 variables are each influenced not only by the performance of medical teams but also by the patients' prior condition and the magnitude of the operations they undergo. The NSQIP has developed a risk-adjustment algorithm for detailed modeling and case mix adjustment that serves these purposes. 7, 8 The Surgical Apgar Score is not intended to supplant these methods of institutional quality assessment because its motivation and intended uses are distinct. Nevertheless, we provide a comparison between this intraoperative score and the preoperative risk-adjustment models from the NSQIP in Figure 2 as a point of reference by which its discriminative ability may be appraised.
As a simple, objective measure, the Surgical Apgar Score offers an important addition to risk-adjustment strategies for institutional quality assessment. Because of the expense of data collection, comprehensive riskadjusted 30-day outcome tracking is not yet achievable in most US hospitals, let alone hospitals worldwide. Complex, multivariate models are not commonly used in clinical settings because they are difficult for teams to interpret and communicate at the bedside and often require statistical imputation of key information because of missing data. 28, 29 The Surgical Apgar Score can be available in real time, immediately usable for clinical decision support, and easily and inexpensively collected in any hospital. It is these same characteristics that made the Apgar score such a powerful tool for broad safety improvement in obstetrics. 13, 14 Nonetheless, our study has several limitations. First, the Surgical Apgar Score has been tested only in general and vascular surgery patients 16 years or older. Whether the score is effective in grading risk in other fields of surgery remains uncertain, and it has not been adapted for use in pediatric populations. Second, the score has not been evaluated beyond major Receiver operating characteristic curves for the Surgical Apgar Score and the National Surgical Quality Improvement Program (NSQIP) morbidity and mortality models as predictors of major complications and death. The sensitivity and specificity of the Surgical Apgar Score were compared with the separate morbidity and mortality models from the NSQIP. 19 The score achieved a C statistic of 0.73 for predicting major complications and 0.81 for predicting deaths. C statistics for the NSQIP model were significantly greater for both major complications (C =0.81, P Ͻ .001) and deaths (C = 0.93, P Ͻ .001).
academic medical centers because of a lack of reliable and comprehensive outcomes assessment against which these measures could be validated. It is possible that, among other patient populations, some modifications to the score factors could be necessary. Third, blood loss estimation is inevitably imprecise. The broad categories used to calculate the score, however, are well within observers' range of precision in careful volumetric studies. 30, 31 Reliance on anesthesiologists' independent estimation further improves the reliability and insulates against surgeon bias. 30 The variables in our score are at least as reliably quantified as any in the Apgar score and potentially more so than some Apgar components (such as grading of newborn muscle tone and color). 12 Our results, therefore, demonstrate that a simple clinimetric surgical outcome score can be derived from intraoperative data alone. This 10-point score based on the lowest HR, lowest MAP, and EBL discriminates well between groups of patients at higherand lower-than-average risk of major complications and death within 30 days of surgery and holds promise as both a prognostic measure and a clinical decision support tool. Our hope is that this score will prove useful for routine care, quality improvement, and clinical research in surgery.
